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Biodiversity gains? The debate on changes in local- vs global-scale species
richness
Do changes in biodiversity at local scales reflect the declines seen at global scales? This debate dates back at least 15 years (Sax and Gaines,
2003), but has recently been revived by several authors (e.g., Gonzalez et al., 2016; Vellend et al., 2017). The heated exchanges on this issue are
reminiscent of earlier debates on the nature of the field, and if “conservation biology,” which originated as a crisis discipline focused on protecting
biodiversity (Soulé, 1985), should transition to “conservation science,” which attempts to maximize the preservation of biodiversity together with
human well-being (Kareiva and Marvier, 2012). Why would a debate that largely centers on data interpretation—as the debate about changes in
local-scale biodiversity does—become so intense?
It is probably because this debate involves the primary rationale for the modern conservation movement—that human activities are causing
major declines in biodiversity around the world (Ripple et al., 2017), and that these declines are bad from the perspectives of science, ethics and
values, ecosystem services, and human well-being (Pascual et al., 2017). This particular debate, though, addresses primarily one aspect of recent
trends in biodiversity: changes in species richness at local scales in relatively intact ecological communities. These trends do not necessarily reflect
changes in other components of biodiversity (e.g., functional, phylogenetic, genetic, or phenotypic), changes in biodiversity in heavily altered
landscapes (e.g., agricultural fields or urbanized areas), or changes in global species richness—at which scale biodiversity is clearly declining
(Ceballos et al., 2015; Ceballos et al., 2017; Pimm et al., 2014).
Assessing local changes in species richness provides insights that are ecologically important and conservation-relevant, but these studies are often
hampered by a shortage of baseline data and the absence of long-term monitoring. Researchers therefore must often rely on data from studies that
were designed to address other research questions, such as how plant communities recover from disturbance (Cardinale et al., 2017-in this issue).
These studies and data are also not distributed around the world in an ideal way to assess global patterns of local changes in species richness
(Gonzalez et al., 2016). Given these constraints, research groups have taken different approaches to explore the topic: some groups have compared
species richness in human-disturbed and reference sites (e.g., Moreno-Mateos et al., 2017), and some have analyzed data from sites that had been
resurveyed over time (Dornelas et al., 2014; Vellend et al., 2013).
Together results suggest that dramatic human disturbances, such as agricultural expansion and urbanization, result in significant declines in local
species richness, but that in areas where ecosystems are still relatively intact, such as old fields and second growth forests, species richness tends to
remain relatively constant or even increase over time (Vellend et al., 2017). Thus, if you go to a specific place—such as New Zealand, Hawaii, or
Massachusetts—the forests, wetlands, and grasslands might now have fewer native species, but the same number or more species overall than they
did in the past. How is this possible? This stability in local-scale biodiversity usually results from the presence of non-native species numerically
offsetting losses of native species (Vellend et al., 2017)—i.e., 30 native species might disappear from a location, but 30, 40, or more non-native
species might arrive and become established—although the evidence for the generality of this pattern is questioned (Cardinale et al., 2017-in this
issue). This debate even spilled over into public attention when Pyron (2017) asserted in theWashington Post that human-caused extinction of species
is not a problem, because if the 50 native reptiles of South Florida went extinct they would be replaced by the 90 non-native reptiles are now living
there.
Some conservation researchers have reacted strongly to these findings. They have argued that some of the meta-analyses (e.g., Dornelas et al.,
2014; Vellend et al., 2013) are flawed because the underlying data: (1) are not spatially representative of biodiversity around the globe (they are
biased toward North America and Europe), (2) are not representative of the primary drivers of biodiversity change (they omit sites that had been
converted to agriculture or urban development), (3) combine data from sites that had recently been perturbed and are likely losing species with data
from sites that were recovering from perturbations, and (4) rely on time series that lack historical baselines, making it difficult to accurately
characterize biodiversity change (summarized in Cardinale et al., 2017-in this issue).
These points are sound, but the criticisms do not discount the value of the analyses that Vellend et al. (2013), Dornelas et al. (2014), and others
have done. Their analyses are reasonable and convincing given the available data, and the weaknesses, which the authors acknowledge, are difficult
or impossible to avoid. Moreover, several subsequent studies in different ecological communities have found similar patterns of high species turnover
and relatively steady or increasing species richness at local scales (Barnagaud et al., 2017; Dunic et al., 2017; Elahi et al., 2015; Gotelli et al., 2017;
Jones et al., 2017). Conservation researchers, practitioners, and policymakers should recognize the limitations of the results, but should consider
their implications as the research continues, and adjust their goals and actions accordingly (admittedly easier said than done) (Fleischman and
Briske, 2016; Knight et al., 2008). In reading papers on both sides of this controversy, we at Biological Conservation want to highlight three key points
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that emerge:
First, none of the research discussed here questions the global decline in biodiversity. Throughout the world species have gone extinct because of
human activity, a large percentage of species are threatened with extinction, and numerous local populations of species have been extirpated
(Barnosky et al., 2011). Some authors have considered whether speciation rates may be increasing because of the novel situations people have
created (Sax and Gaines, 2003; Thomas, 2017), but rates of extinction are currently far outpacing speciation, driven by human activities and the
resulting changes to the global environment (Ceballos et al., 2015; Pimm et al., 2014). Additionally, rates of speciation are most likely to increase for
organisms that hybridize and those with short generation times (e.g., bacteria, insects, and annual plants), not for phylogenetically distinct species
and longer-lived groups most vulnerable to extinction (Schluter and Pennell, 2017; Thomas, 2015; Vellend et al., 2007).
Second, this research suggests that while native biodiversity may be declining at all scales, local species richness (i.e., alpha diversity) is not
declining in many places because the loss of native species is balanced by the establishment of new native and, especially, non-native species
(Dornelas et al., 2014; Dunic et al., 2017; Hillebrand et al., 2017). As the authors note, these observations are consistent with biotic homogenization,
in which nearby local sites become more similar (i.e. reducing beta diversity) as particular species spread and colonize sites (Olden, 2006). Local-
scale studies tell us little about changes in species richness at regional or larger scales (i.e., gamma diversity, or the regional species pool). All things
being equal, we would expect regional diversity of native species to decline if local species richness is stable while sites become more homogenous.
Plant species richness is certainly increasing in many regions, such as New Zealand or Hawaii, where the arrival of non-native species is outpacing
the loss of native species (McGill et al., 2015), and some non-native species are directly displacing native species.
Third, the research highlights the problem of relying too heavily on simple measures of biodiversity, particularly local measures of species
richness, as rationales for investing in conservation and for taking particular conservation actions at local scales (Hillebrand et al., 2017). Local-scale
conservation serves many purposes beyond preserving species richness, including preserving ecological processes (e.g., species interactions, nutrient
cycles), other components of biodiversity (e.g., functional, phylogenetic, genetic, or phenotypic), healthy populations, and intrinsic and historical
values (Pearson, 2016). Additionally, local conservation (i.e., most conservation) contributes to the preservation of biodiversity at larger scales (beta
and gamma diversity). The finding that species richness is stable or increasing in many locations is not a reason to stop local-scale conservation
actions.
These findings do, however, raise several questions related to how we prioritize conservation goals and actions at local scales, such as for
protected areas, ecosystem restoration, and invasive species management. The questions necessarily intertwine science and values (Pearson, 2016).
For example, should managers work to preserve native species and communities, or should they work to maintain ecosystem processes and services
by managing species assemblages, regardless of whether the species are native or non-native (Belnap et al., 2012; Cardinale, 2012)? Can newly
arrived species sometimes “replace” ecosystem functions and services provided by lost native species (Foster and Robinson, 2007; Pejchar, 2015)? If
so, is it desirable, right, and legitimate, and is it really possible to predict when functions and services might be successfully replaced (Pakeman and
Lewis, 2018)? How should managers work to maintain viable populations of species at local scales, when we expect their abundance and ranges to
shift in response to globally changing conditions? The population sizes of many species, including common species, are declining (not just shifting
ranges), and these declines may not show up in species richness data (Ceballos et al., 2017). Should managers embrace novel ecosystems as changes
in species composition become ubiquitous and largely unavoidable (Hillebrand et al., 2017; Hobbs et al., 2014)? In a rapidly changing environment,
is nativeness an important component of ecological integrity, which many conservation organizations use as a key management goal? When should
managers resist change in ecosystems? And how should managers weight local- and global-scale patterns and processes when setting their con-
servation goals and priorities?
Even though the debate around global changes in local-scale species richness centers on data, analyses, and interpretation, it also touches on
conservation values and can inform how we do conservation on the ground. In conservation research, this mixing of values and science is un-
avoidable, given that the goals of conservation are largely derived from human values—e.g., that there is intrinsic value in the natural diversity of
organisms and that it is important to avoid human-caused extinctions. Unfortunately, researchers are sometimes reluctant to write papers with
findings that appear to run counter to the values and dogma of conservation, and other researchers are quick to criticize when such findings are
published. The repercussions of publishing results that question conservation dogma are real—social media commentators, members of the press,
and others (sometimes even scientists) may misrepresent conservation research when they question whether biodiversity is really declining, whether
humans are causing mass extinctions, and whether we should be concerned about how humans are changing the world (Ladle et al., 2005; Pyron,
2017). Conservation scientists are understandably concerned that misrepresentations could translate to reduced support for conservation research
and practice. Apparently, one reviewer used this concern as justification for recommending against publishing the work of Vellend and colleagues in
a prominent journal (Kloor, 2017). Clearly, though, we should not shy away from honest discussions that advance science, from publishing sound
science (whether it represents “good” or “bad” news for currently accepted practices in conservation), or from debating and addressing core
questions of the field.
We at Biological Conservation believe research and discussions that challenge the central tenets of conservation biology should be encouraged.
Indeed, rich discussions are already happening. During these discussions, as conservation researchers and practitioners, we should clearly identify
the science and the value-based components of our reasoning. We should not be unfairly critical of data and analyses because the results contradict
our expectations or values, and we should be careful to communicate clearly and fairly (e.g., making clear distinctions between local vs. global
trends). We should also try to make the context and limitations of our results clear when communicating with the media, the public, and government
officials; but that should not stop us from doing and publishing good science and pushing the field forward, even if it means challenging dogma. We
appreciate the frankness and honesty that Vellend (2017) and others (e.g., Cardinale et al., 2017-in this issue) are using to present the cases for their
science. These types of debates help us identify and address key questions and problems, and help us generate the shared understanding necessary to
advance the field of conservation biology and to achieve conservation goals on the ground.
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